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Description 

The present invention relates generally to polymer alloy compositions of the silicone resin/f tuid variety. In our inven- 
tion, the mechanical properties of the alloy, such as ultimate tensile strength, shear loss modulus and toughness are 
surprisingly controlled by the number average molecular weights of the resin and fluid, the ratio of resin/fluid and the 
cross-link density of the alloy. 

Silicone polymer alloy conpositions, conprising sificone resins and fluids, are well known In the art. Such compo- 
sitions have a broad range of applications. Including uses as mokJing compounds, adhesive formulations and additives 
or bases for paints and coathigs. 

As used herein, the term "silicone f lukJ" describes a substantially linear silicone polymer, for example polydimeth- 
yteiloxane (PDMS). The term "silicone fluid" is used in this sense even if the linear polymer contains a minor amount of 
branched chains or if. at room temperature, the material appears as more of a gum or solkl In other words, this term 
describes only the predominantly linear characteristfcs d the polymer. It will be understood that silicone f lukJs may also 
include reactive or functionat groups. 

As used herein, the term "resin" descn'bes a silcone composition wherein the molecular structure is arranged in a 
predominantly three dmensional network Thus, the term "silicone resin" is used to distinguish the composition from sil- 
icone fluids, cydosiloxanes, silanes and silazanes. These resins may also include functional or reactive groups. Sili- 
cone resins are well known In the art and are generally considered as soluble or dispersible in organic solvents, such 
as benzene and toluene, and low molecular weight siloxanes. such as odamethyltetracyclosiloxane. 

FinaHy. the lemi "alloy" is used herein to descnbe compositions comprised primarily of a coir4)ination of silk^one flu- 
ids and resins. When used in a strictly metatlurgkal sense, the term "alloy" implies the fuskxi of two or more constitu- 
ents, at least one of which is metallfc. to achieve physical properties that are not Independently exhibited by either 
constituent alone. Thus, the term "alloy." as used in a broader sense herein, desaibes the fusion or blending of two or 
more dissimilar silicone polymer constituents to achieve physfcal properties that are not independently exhibited by 
^ either a resin or flukl. 

US-A 5.034.061 disctoses a silfcone resin/fluid polymer alloy adapted to form a transparent, shatter-resistant coat- 
ing. The alloy compositton inckides a silicone resin copolymer consisting of F^SiO^^ and ^O^^ units with unsaturated 
olef inic functional R groups, a polydiorganosiloxane flukl with vinyl functionality, an organopdysiloxane crosslinker hav- 
ing hydrogen functionality and a catalyst. This composition is partfcularly adapted for use in coating incandescent glass 
30 lamps. 

EP-A2 0 393 426 teaches silicone resinAluid alloy compositk)ns that have utility as pressure sensitive adhesives. 
The constituents of EP-A2 0 393 426 are essentially identical to those disclosed in US-A 5.034,061. The alk>y com- 
positions differ, however, in the relative proportons of those constituents. Thus, the conpositions of the above teach- 
ings can be feirly viewed as belonging to a common binary altoy system. Neither document, however, contains any 
35 expRctt teaching for controlling the mechanical properties of the altoy conposition. such as the tensile and tear 
strengths, shear loss modulus or toughness. 

US-A 4.521 ,471 descrtoes a silicone resin/flukJ altoy useful as a pressure sensitive adhesive in the construction of 
an article for removing ink from substrates. This alloy compositton utilizes an MQ resin, which consists of monofunc- 
tional (M) and tetrafunctional (Q) siloxane units and a syanol-terminated PDMS gum. Those skilled in the art will recog- 
40 nize that sooXied MQ resins include a fair amount of residual silanol sites. These sites can be used to chemically bond 
the sHanol-terminated PMDS flukl to tiie resin through a condensation reaction. While illustrating another application for 
silicone resin/fluki altoy compositions, the latter document does not contain any explicit teaching for controlling the 
mechanical properties of the aDoy composition. 

CA-A 691 ,206 claims the use of silfca-f illed silicone resin/fluid alloys for danping vibrations. The ability of this com- 
45 position to dampen vibrations Is illustrated through the measurement of the ratio of G' (tfie elastto shear modulus), to 
(the shear loss modulus). The magnitude of this ratto is indicated as being inversely proportfanal to the abtfity of the 
alley material to absorb vibration. The ratio of Q'/G" of the subject afloys is compared to that of conposiltons prepared 
withouta resin constituent. 

As illustrated by CA-A 691.206. ft has long been known in the art ttiat the use of silica fiflers in sificone resin and 
50 rubber compositions can dramatically inaease ttie toughness of the compositions. The utilization of a siltoa filler, how- 
ever, causes the alloys of tills document to lose the property of optical clarity. Furthenrore, it does not include any 
explicit teaching for controlling the mechanical properties off the alloy composition through the chemistry and structure 
of ttie resin and fluid constituents. 

While the above publications and patents disctose a number of silicone resin/fluid alloy compositions, none 
55 describe, demonstrate nor daim tiie control of ttie physical properties of the polymer altoy systems to enable one to 
selectively produce tough, high strength compositions, without ttie addition of a filler. 

Thus, it Is highly desirable to provide tough, high strengtii silicone resin/fluid alloy conpositions that do not depend 
upon tiie addition of a filler, such as silica. Such compositions could be used In applications requiring opttoal clarity, for 
instance as interiayers for glazing. Furtfiermore, such tough, high slrengtti siltoone resin/fluid altoys wouW have utiily 
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In the manufacture of molded articles such as k^aid spring pads or as extruded articles such as surgical tubing. 

The present invention solves the problems of the prior art since it teaches the formulation of silicone resinAluid alloy 
conrposftions, adapted for use over a predetermined service temperature range, and which alloy composftions exhibit 
high strength and toughness within that predetennined temperature range, without the addition of sUica or some other 
inorganic filler. It will be understood that the addition of an inorganic f nier is not prohibited h the practice of the present 
invention, but may be avoided should the property of optical clarity be of importance. 

The high strength, tough, silicone resin/fluid alloys of the present invention are made utilizing several known cure 
systems, making them ideal for casting or extrusion or compression, and NecUon molding of various articles of manu- 
factura 

Those skilled In the art will recognize tfiat the mechanical properties of materials, in particular tensile strength and 
toughness, are temperature dependent. It will also be recognized that many articles of manufacture are designed for 
use over a vanety of temperature ranges. The materials from which such articles are fabricated are generally selected 
to exhibit tfie desired peak mechanical properties within a predetennined service temperature range 

Fbr Instance, gasket materials In the cooling system of an automobfle engine may be subjected to temperatures 
ranging from .25*C. to 1 0O^C. or more. While it is important that such materials do not cafastrophically fail at the lower 
end of ttie service temperature range, such materfals are generally selected to exhibit their peak mechanical properties 
over the pref enred temperature range off the coolant in a fuBy-warmed engine. Thus, the gasket is designed such that 
its peak properties are exhibited over a predetermined senrice temperature range that enconpasses the preferred tem- 
perature range of the coolant In a fully wanned engine. 
20 Concurrently, a door gasket fbr a deep freezer is generally subjected to a fairty large, but constant, tenperature gra- 
dient, ranging from -25^C. to room temperatura In such a case tfie material must retain its tough properties over the 
entire temperature gradient and the predetermined sewice temperature range may go from to room temoera- 
ture. ^ 

The alloys of the present invention are consktered useable Ux predetermined servtee tenperature ranges which fall 
between 120^0. and 250*0. Thus, our invention is directed to altoys that exhibit certain requlsHe mechanical properties 
over a predetermined servtee temperature range, the tower limit of which is not below -120*0. and the upper limit of 
which IS not above 250*0, It win be understood that the predetermined service temperature range need not encompass 
the entire range of -120*0. to 250*0. 

In the present invention, silicone resin/fflukl alloy compositions that exNbit high strength and toughness over a pre- 
30 determined senrice temperature range are prepared by blend^: 

(A) an organosilicone resin of the empirical formula 

[R3SiOiy2JaIR2SiO^RSi03/2]cISi04y2ld 

wherein: a. b, c and d are positive numerical values with tfie provisos thata + b + c + da1, 
1/2(b + c + d)^a^(b + c^.d)andO^(b + c)A1^0.2;R^sanrx)novalenlradk»lindepend^ 
group consisting of hydrogen atom or hydroxyl. alkyl. alkenyt. alkoxy. oxima aryl. epoxkle. carboxyf. ether. amUe 
and alkyl amino radicals, which R groups may be the same or different with the proviso that at least sixty mde per- 
cent of said R radicals are metfiyl; the organosilrcone resin (A) has a number average molecular weight (Mn) 
t>etween 2.000 and 7,000; and 

(B) a predominantiy linear silicone flukJ having the empirical formula 

[R'aSiOiydJR-gSIOgcJyP'SiQa^ 

wherein: x, y and z are positive numerical values with the provisos that x + y + z =. 1 and y/(x + y + z) ^ 0.9 ; and 
RNs a monovalent radical independently selected from tiie group consisting of hydrogen atom or hydroxyl. alkyl. 
altenyl. alkoxy, oximo. aryl. epoxide^ carboxyl. etfier, amkie and alkyl an^no radicals, which R* groips may be the 
same or different, witfi the proviso that at least ninety mole percent of said R' radk^Is are methyl; 

said organosilicon resin (A) being present in an amount of 45 to 80 parts, by weight and said predominantiy 
linear silicone f bid (B) being present in an amount of 55 to 20 parts by weight per 1 00 parts, by weight off the com- 
bined total of (A) and (B): 

(0) a predetennined quantity of a cross-linker having at least ttiree functional groups per molecute; 

a predetermined number average of sakt R radicals per molecule (rRn) of said organosilkx)ne resin (A) being 
reactive with sakl fundfenal groups of sakf cross-linker (0) so as to render sakJ organosilkxxie resin (A) copo- 
lymerizable witfi said aosslinker (C); 

a predetermined number average of sakJ R' radicals per molecule (rR'n) of said predominantly linear silicone 
f lukJ (B) being reactive with tiie functional groups of the aoss^inker (0) so as to render the predominantiy Tm- 
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ear silicone fyd (B) copolymerizable with the cross-linker (C); and 

J^I^SSlSS'S'S.*"*^ ""^ predetermined quantty of the cross- 

^ 1"*"* P**^^ "^^sition. when cross-linked and free of an inor- 

ganicfiller. e^bits the fbltowing mechanical properties over the predetermined service temperature range- an 

'^ V^^'T ^^'1^" " ^ '° '•'^ X 10« F^: a shear loss modulus G" g^ter thL a ^ S 
10 10- Newtons perm': and a loss tangent (tan 6) greater than or equal to 0.10. 

In the prefeired en^ of cur invention, the amount of silicone resin (A) is limited to between 50 - 65 parts 
and amount of s,i|cone fluid (B) is limited to between 50 and 35parts. per 1ob parts of the corrtoXeigte^ 

?Se'Ltr~."'^"'"''*^^ 

2 O^T'Jl^.^^ '^"J!f ^ composition of this invention may vary from 2.000 to 7.000. At Mn below 
y^^T^^^"^ ^^"^ substantally enhanced. When resins of Mn 

of the altoy composition are not substantially enhanced. k / j-u^wges 

J aTeTe^ S.""' '^'^^ 

Component (B). the predominantly linear siOoone fluid, is descnbed as having the empirical formula 

[R-3SiOi/2lxtR2Si02dylR'SiOaal, 

wherein: X. y and z are positive numerical values with the provisos that x + y + z = i and y/(x + y + z) i 09 and 
wherein at least 90 mole percent of the R' radicals are methyl. We have Lprlsingly foZ Z nVe^^ 
yjx + y + z) e less than 0,9. then the resulting altoy exhibits brittle, rather than toJih bSLor. It fe WtoveS tS thfe 
phenomenon isduetothefonrationoftoohighaaoss-linkdensityinthealtoy. rns oeiieved that this 

inJI^T^m .f""^"^ " '"^ ""^ '^^ of the R- groups are melhyl. then the fluid becomes 
irwjmpaftWe with the resm. resulting in an alloy composition that does not exhibit the requisite physical properties 

"«»»'«benrtedthattheresinofcomponent(A)isdesaibedashavingapredeter^^^^^ 
. R radicals per molecule (rRn). which are reactive with the functional groups of t^ e cross-llnlS ^^ZZ^e 
resin (A copoh^menzable with the aoss-linker (C). Ukewise. conponent^C). the fluid, is seS ^ch^ ?Sd^ 

S^iitiil'^o^rl'^ ^TS? "^^^"^^ *e ^-o^-'inker (C). It shoukl be furthS mSd tS 
l^^^^TJ^L^"^^^ cr,«s-linking that takes place in the silicone resinffliXS of this invention^ 
S'ChSSS iStS^^r ' ""^ '''^'^ *^ tensae 

.«Jf^'®il?T^^*** selections are used to control the degree of cross-linking in the alloys of our invention 
^ZT^T °' ^"^^ and the number average % [R'^SiO^urtte tS^i 

iS^ta'grSuS'tBr^**'*^'"'^"^ 

In our preienred anbodiment the number average nonfunctional linear chain length is between 100 and 10 000 

Cham length thereof with the resin (B) value of rRa For instance, when the resin (A) rRn >Sue fe bSS^Kl 7? 

febTeS;?5^Lir5^irsi""^ 

tTvil 1 tS!i,^ °* °^ «>W«on invention r^v be controlled 

;:red"'seSSC^eX "^^^"^^^^^^"^ 

ZIIT^^ • f '"^^"^ '"^''^ ""^ aiteria fbrLghness «d wih 

T^^nt.^*! "^""^ °' """^'^ ^ear loss modulus and loss tangint. 

inorgl;:if^e^r22^,!S 

toughness of the composition of the invention, but with an attendant loss of optical clarity. '^^^ 

induS^Tc^^'IS I^J^JTJ:'^^^ «^««^ "f 'the invention may optionally 

^^mT. L"^^ ^^'^ P«"^e8 copolymerization between^ ^ sili- 
cone resm (A), the predominantV linear silicone fluid (B) and the aoss-lhker (C). Uk^^ 
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invention nr«y indude a c^alysl inhibitor, which inh 

neutralized by some means such as thermal degredaf on. « « ui enew is 

i«. JIIL?^!?!*' Z^^- ^ P'^'^® oonpositions having improved 

shear loss modulus and loss tangent for the claimed compositions. 

wmpos*ons btending sik^ne resin and fluid within a limfted range of weight ratios; Hmiiing the number average 
molecular weights of the resin and fluid to predetemiined langes: ciossHinWng the silicone resi^iid blend- and3 
IroHingthecross-linkdensilyoflhesiliconeresirtfluldalloy. resmmun oiena. ana con 

f«« ^l?^^ '^'"'"^ investigated to detemiine the effects of the following paiame- 

^teTfi „{^2i r """^^ ""''^ °' "™ber Of reactive groupi pelftSd mde- 

Slt Jl' 1?^^?!.^ "^^^^ non-functional chain length between functional R' groups in the fluid. Mechanical 

0enl.nan(6)l.wascanrledouonbolhmoisture^additk)n<ureslliconereslrt^^^ 
MOBTURE-CURE ALLOY SYSTEM 

Fifteen different moisture<ure silicone resinAbid alloys were prepared, cured and mechanicaUy tested. 
1. Preparation of Hydroxyl-Functional Organosilcon ResJn (A) 

mdilS ""^Tf ^^'"^ ^'"^ """*^ ^^"^^ (^R") reactive hydroxyl (-OH) R 

^^"^ ^^'"^ ^"^ ^ ^^"^^ ^« skiUed in the art will ,^ze thi a 
given number average of reactive groups (rRn) per resin molecule can be achieved by either: 1)blending ^ns having 
»r^*%^'^r'^'**''*'*^"«*'*^«'-'^2)endHappingresid^^ 

and nonfunctional groups to such an extent that the desired rRn is obtained a ^««niunctionai 

..J '!?,ul^! was made by the method of USA 2.676.182. The resin was prepared from the add- 
the addition of an «opro^ alcohol sdutton of trimelhylchtorosilane and hexamethykfisiloxana The HQ Wisop3 

^ SrfrJS. r ""i^ "^"^ hexamethyldisiloxane v>as solvent-exchangIS S 

xylene, yielding a final dispersion that was 74% solids, by weight. Reel had the empirical formula: 

IRsSiOiyaUF^SiOazlblRSiOa/aUSiO^al, 

"^"r^J^^'^ T °' 0 08 and d was 0.49. The composition had a Mn of 4300. an rRn number average 
offtve reacfcve R radicals per molecule in the fbm. of hydroxyl .adicals, the remaining R radicals being methyl Se 
hydroxyl radicals were contributed from the [RSiOacl units. i-us uang memyi. me 

saJl*^^ of rRn and Mn for Resl. and all resins subsequently desaibed herein, were determined throudi the use of 

Si nuclear magnetic resonance (NMR) and resin-calibiated gel penneatton chromatography (GPC) 
0 n^^lf ^"^^ had the same empirical formula, exceptlhalthe valueof a wasO.il. bwasO. c was 

Si 1 ^ ™^ was also made by the method dfedosed 

™!f ^I! ^'^^ ^ ^""^ hexamethyWisilazane in the presence of triluoroacetic 

acid to remove residual hydroxyl groups. The final dispersion had a solids content of 65% by weight 

Those stafled m the art will recognize that while the composition of Re82 is MIcated as having a number averaoe 

Sl'^Cn^SS'^'*? "!I the process Of end-capping a rS^ h^^ 

tafflne temmates the pobrmerizatton ol the resin molecule and leaves a number of residual, reactive hydroxyl radicals 
Furtier €«*capp,ng wrth an excess of hexamethykfisilazane removes those residual reactive hydroxyl lacfcais. This 

^.J!^.^^f!^.TT"V^ and Res2.werecold^5lendedtohomogeneity in varying rattos such that 
' . 1?!? ^' rRn. as set forth in Table 1. Unless othSwfee stated herSS^ 

weS^iS 2^1 iT^.^^ "^^aa^ *^ ^'^ and do not include the 

*«ight Of aj^ solves Due to the error introduced by rounding fractfonal amounts. thesumofa.b,candisnot exactly 
equal to 1 .00 in every instance. ««vuy 
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Table 1 



Resin fA) 
Example No. 




Res2 (g) 


Re3 2 

parts by wt 


a 


b 


c 


d 


rRn 


Mn 


1 


36 


0 


looyo 


0.42 


0 


0.11 




c 

O 


4300 


2 


50 


0 


looyo 


0.42 


0 


0.11 




c 
O 


4300 


3 


57 


0 


100/0 


0.42 


0 


0 11 




0 


4300 


4 


64 


0 


100A) 


0.42 


0 


0.11 




c 
O 


4300 


5 


29 


31 


52/48 


0.42 


0 


0.070 






4ooO 


6 


25 


40 


42/58 


0.41 


0 






2.1 


4590 


7 


21 


50 


33/67 


0.41 


0 




U.Oo 


1./ 


4635 


8 


17 


60 


25/75 


0.41 


0 




U.04 


1.25 


4675 


9 


33 


30 


56/44 


0.42 


0 


n 07'% 


U.0 1 


2.8 


4520 


10 


28 


40 


45/54 


0.41 


0 


0.065 


0.51 


2.25 


4575 


11 


23 


50 


35^ 


0.41 


0 


0.055 


0.53 


1.75 


4625 


12 


36 


30 


58/42 


0.42 


0 


0.075 


0-51 


2.9 


4510 


13 


31 


40 


48/52 


0.41 


0 


0.070 


0.51 


2.5 


4540 


14 


26 


50 


38/62 


0.41 


0 


0.060 


0.51 


1.9 


4610 


15 


22 


60 


30/70 


0.41 


0 


0.050 


0.53 


1.5 


4650 
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2. Preparation of Hydioxyl-FiincUonal Predominantly Linear Silicone Ridd (B) 
Tills silicone fluid (B) itad the enpirical fbnnula: 

P'sSiOi/aUR'aSiQaelylR'SiOaek 

wherein x was 0.007, y was 0.993 and z was 0. Tho conposHion had an llAi of 22 000 rlTn was 2 ror« h«rir™«i «r™ « 
^ed moieo^lar terminal, all other R- groups^meti^^ a SSJS^S lnTcS?l23SaT 
degree of pdymenzation between the functionai hydroxyl groups) of 300 

VBCosity of 4^ centislokes (mm^/s). It was prepared by the condensation/hydrolysis reaction of silanoMemiinated 
o^(Hn^.thepresenceof apotassiumhy*^ 

3. l=bmNilating Mdsture-Cure Silicone Resin/Huid Alloys 

• .'f' I** coW-Wending preparation of Example Resins (A) 1-15. varying amounts of the abo>/e- 

^ S 5? <imethyl8|teno^terminated polydimethylsitoxanG fluid were also aited to l^ bS3. S^^unte <JS- 
^.tZr" »^ ^ ^ ^ necessary Blending ^ carried^T^t^ 

™i * methyltrisoximosilane aoss-linker (available as OS-IOO™ from Affied Sig- 

nal Jnc. of l*xristown.NJ) were added to the blends. The cross-lirrf«r was of th^ TTom/weabig 

65 
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As used abwe. the term 'sloichiomelric amount" means that a one-toone molar rate l^etween the methvitrisoximi- 
awpreoate that each mdecule of the cross-linker includes at least one labile Q»mo group which win react with and cao 

toei^'reiiliT^^::;!^^^ 

10 ensure that a homogeneous, capped oon^wsilion was obtained 

ual moistu e and then one-half weight percent, maximum, of tetrabutyltitinale was added as a m^eH»ifB catalvst 

£eSzsf<^rsS2rp:s"^"^'^'^*^^^ 

The l)lends soDroduced from the Example resins are designated as Alloy Exan^le Nos. 1-15 in Taljle 2. 

4. Pr^aration of Moisture-Cured Test Specimens 
Rectangular test specimens were cast in 7.62 x 20.3 x 0.1524 cm (3 x 8 x O 06 inch) ooen ton mnirfc Tha mniH« 

oitwo days. Thereafter, the cast slabs were removed from the molds and stored at ambient conditions lor at least an 
^rtiona^ five days. Finally, the test specimens were placed in a forced air oven at SO'cTfor^iSS %S 
test spec»nens were 0.1 016 cm (0.040 Inch) thick, reflecting the loss of xylene solvent ' ^ 

Tine chwnistry of oximo moistureKajre systems is well-known in the art. In the presence of moisture from a source 

5. Mechanical Testing 

werelTJSS'lS SET' "^^^^^^.P^V^^ies. shear loss modulus and toss tangent of Example Altoys 1 - 15 
were measured Unl^ othenmse specifically mentioned, all mechanical testing was earned out at room temoLture. 
I^meaainnguftimate tensile strenglh.dog-bonespe^ 

^^^^ *^ ^""^ ^ ^'^^ ^ *^ performed by ASTM D642. at a crosshead speed of 500 mm 

Those skdled in the art of the mechanics of viscoelastic materials will recognize that the physk»l orooerties of 
she«lossn«d«lusandk)ss^^ 

" M«=»«nical ene,wk«sisder.nedasthatmechS2Zg;^S^ 

S~sh^r<::,rur(T^^ 

L^^i ^ geometry, was ubiized available from Rheometrics. Inc. of Piscataway NJ) Reouenw 

SlS^T^iSf^r "1^"^" tempers ^L^S''^ 

^st^ ' "^""^ 2 correspond to a frequency of 1 radian 
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[* Alloy 
No. 


Resin (A) 
Exampid 
Na 


Ruid (B) 
(9) 


MTOX- 
Linker (g) 


Resiii 
Ruk! 

parts by 
wt 


Tensile 
(Pa) 


Tear(N/m) 


G"Pa 


tan(5) 


1 


1 


75.0 


14.4 


25^5 






o.ue04 


0.01 


2 


2 


65.0 


18.9 


35/65 


1 QHc/lA 
f .9UeUD 


O.O/U 


2.7e05 


0.03 


3 


3 


60.0 


23.6 


40/60 






5.2e05 


0.05 


4 


4 


55.0 


23.7 


45/55 




0,040 


2.0e06 


0.29 


5 


5 


38.4 


11.0 


50/50 






2.3e06 


0.36 


6 


6 


32.9 


9.4 


56/44 




A GOn 

O,^^iJ0 


7.4€06 


0.42 


7 


7 


27.4 


7.9 






10,700 


2.1e07 


0.34 


8 


8 


21.9 


6.3 






12,060 


5.4€07 


0.22 


9 


9 


33.8 


13.3 






6,990 


2.8e06 


0.23 


10 


10 


29.0 


11.4 


60/40 


3.51 e06 


11.540 


2.1e07 


0.37 


11 


11 


24.2 


9.5 


65/35 


4.56e06 


16.430 


5.2e07 


0.20 


12 


12 


31.2 


13.4 


58/42 


3.55e06 


13.280 


2.8e07 


0.23 


13 


13 


26.7 


11.5 


63/37 


5.18e06 


18.530 


4.5e07 


0.20 


14 


14 


22.3 


9.6 


68/32 


3.75e06 


32.510 


7.7e07 


0.11 


15 


15 


17.8 


7.7 


74/26 


Brittle 


Brittle 


BritUe 


Brittle 



AODITION^URE ALLOY SYSTEMS 



35 I.PlreparaflonofOrganosillconeResintA) 

Two differenl vinyl-functional silicone resins. Res3 and Res4. were prasared 
Res3 had the empirical ibnnula: 

* tR3aOiy2l(a)[R2SiOa2yRSi03eySi04cld 

I'^SlSJT^ni'^ '^^^••^rf ° ^ R«3. the conponent [RaSOi^,) was comprised of both 

unite, which aie respectively designated (^1)^nd (a2). such that 
(a1) + (32) = 0.41. Thus, in Res3.(a1) was 0.345 and (a2) was 0.065 i A inai 

45 "es3«asalMpreparedfromtheacid<atalyzed(HC0hydrol^ 

f ^ri^5 *^ ^ '*P™P^ ^l^^ trimelhylchloroellane and 

haamettvWisitaxane. The Ha and .soptopyl alc^ 

r^.^SS ht"SfT with xylene. The product was then treated with an^ of dimethyMnSo- 

«, ^^^^^ . reflux for one hour. ThedimethyMnytehlorosilane reacted with residual hydraxyl radicals to yield 
so an rRn of 4.75 vmyl groups per resin molecule. The resin molecules had an Mn of 5070 and were dispersed in xylene 

at a concentration of 75% solids, by weight. owpersea m ;qnene 

^.^l^TlTT^^I^"^^ e^««t'»'"C"ded a substantially higher number average (rRn) 
of reacfcve vmyl radicals per molecule, i.e.. (a1) was 0.31 and (a2) was 0.10. Res4 was also prepared by the add hJdiol- 

^e arjl vrnyW-methylchlore^l^^^ This produced a vinyl- and hydroxyl-containing r^n. Thereafter, the r^s 

^„?S.^ ^^511^'*^^ excess of vinyldimethylchtorosilane and heated to reflux 

tor one hour. This produced a resin molecule having a very low concentration of hydroxyl groups and an rRn of 6 69 
vBiyl grou^per molecule The resin had an Mn of 4450 and was dispersed in xylene to 72% solids, by weight ' 
As shown in Table3.Res3 was blended with Res2 In varylngproportions. to yield Resin (A) Example 16- 



55 
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respectively having a vinyNfunctkxial rRn value of 1 - 4. Res3 v.as blended with Res4 to yield Resin (A) Example Nos. 
20 and 21 . which had vinyl-functional rRn values of 5 and 6, respectively. 



w 



IS 



TABLE 3 



Resfn (A] 
Example NO. 


Res2 (9) 


Res3(g) 


Res4(g) 


al 


32 


b 


0 


d 


rRn 


Mn 


16 


22.92 


5.09 


0 


0.4 


0.015 


0 


0 


0.59 


1 


4855 


17 


16.81 


10.17 


0 


0.385 


0.03 


0 


0 


0.59 


2 


4915 


18 


10.69 


15.26 


0 


0.37 


0.04 


0 


0 


0.59 


3 


4970 


19 


4.58 


20.35 


0 


0.36 


0.055 


0 


0 


0.59 


4 


5025 


20 


0 


23.44 


0.76 


0.35 


0.065 


0 


0 


0.59 


5 


5050 


21 


0 


8.59 


16.22 


0.325 


0.085 


0 


0 


0.59 


6 


4670 



2S 



30 



35 



40 



46 



SO 
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2. Preparation of VInyl-Functlonal Predominantly Linear Silicone Ruids (B) 

M ^^^^^ vinyl functional predominamly linear silicone fluids (B) (designated V-FIuidl. V.FIufci2. V-Fluid3 and 
v-rwid4) were prepared. 

V-RuWI was a vinyldlmethylsibxy-terminated polydimethyteiloxane having a number average degree of polymeri- 
zation 225. Accordingly, each molecule had a number average (rR'n) of two vinyl radicals per molecule and a number 
*^!!^ ^ '«n9»« <rf 223 dimethylsiloxy units between the functional groups. V-Fluidi had a vis- 
cosity of 2.000 centistokes (mm^/s) and an Mn ol 16,800. « auavis 

V-RlMZ ««s a vinyWimethylsibxy-t« polydimethyteiloxane having a number average degree of polymeri- 
zation 500. Acxording ly. each molecule had a number average (rRYi) of two vinyl ladicals per molecule and a number 

^Tillf^ of 498 dimethylsiloxy units between thefundional groups. V-nuid2 had a vis- 

cosity of 10.000 centistokes(mm^/s) and an Mn of 37,200. 

« * vfnyWimethylsitoxy-terminated polydimethylsiloxane having a number average degree of polymeri- 

zahon Acwidingly. each molecule had a number average (rR n) of two vinyl ladicals per molecule and a number 

M^^".^?^"^ ""^ '* ®* dimelhylsilOKy units between the fiinctiorial (roups. V-Ruid3 had an 

Mn of 66.800 and a viscosity of 60.000 centistokes(mm2/fe}. 

« ^ ™ *^ * vinyldimethylslloxy-terminated polydimethyteiloxane having a number average degree of polymeri- 
zaton 5.000 and a number average (rR n) of three vinyl radicate per molecule, a vinyl gnxp being subetituled for one 
ol!^."^5oi^i the polydimethylsitoxane chaia Thus, each molecule had number average nonfuncttonal Hnear 
fmXl 2497<Smelfvl6itaxy units between the functional gro^^ V-Ruid4 was dtepersed in xylene at a concen- 
tration of 40 percent, by weight, and had an Mn of 370.000 and the consistency of a gum 

knJ!!"i^!lfL^' ^""?»'«^'^^'"e»^''«y-te'n*«t«« PDMS chains, were prepared by a known process which 
isgenerallyrefen^ed to as the nng-opening polymerization Of dimelhylcyctosnax^ 
seamed out in the pres^ofastrong acid or basecalalystToproduce the w^^^ 

twn. the raig q)ening polymerization was earned out in the presence of divinyltetramethyldfeikwane. which ads as a 
^^ i® ^ " ^ inactivated upon reaching equilibrium condhions. Chain length is 

controlled by the ratio of chain-termmaling to chain-biiMing (dlmettyteydositoxane) units 

V-Fluid4 was also prepared by the ring-opening polymerization process described above, except that a pioportion- 
Tl^HT^ trtiamelMetravinylcyctositoxane was added to the dimethyteydosiloxane starting material. This 
resulted in a vinyldimethylsiloxy-temiinated polydimethylsikwane structure, except that each PDMS chain had, on aver- 
age, a substitution of one vinyl group for one methyl. 

Huete'StrS^lIiS!lSlpI'''*^ •V-f=luid4 type descrtoed above are commerciaByavallabte from 

3. Fomufating the Additfon-Cure Silicone Resin/Fluld Alloys 

r^nto40 parte fluid, to obtain an Example Alloy fomiulation that was typically 85% solids, by weight, dispersed in 
xylene. Example AHoy Nos. 34 - 39. which utiized V-Fluid4 in the same lesinAluid weight ratio, were piWed in an 
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ide|^nvuinerbuthad50%solid^ 

CH3SI(OSiICH3l2)i2(OSiICH3lH)280SiCH3 
»«s added in such an amount that the molar ralk) of astoicWomet 

short-chamed8.laxanes)v»a8addedperl0goftheoor*inedweigte 

mixing wrtha8patula.resultirH, in the Example Alloys 16-39. as set ferth in SiK 

4. Preparation of Addition-Cured Example Alloy Test Specimens 

Altoy Exanple Nos. 1 6 - 39 were cast in slabs by pouring into round, open top molds. 6 inches H 5 24 cm) in diam 
^Themold««sMledtoadepmofOJ5i^^ 

^Jf^?r- ^ '^'^ the loss of Ihe organic solvent disp^ Curing^ iie sto was 

^y^l^^ T:^"^ to 130-a . for or» hour, in a forced air o«n. The SS^Xy f^t,^ 
mens had a thickness slightly in excess of 0.05 Inch (12.7 mm). * 

5. Mecharrical Tasting 



TABLE 4 





VFIuldl 


Alloy Example 
Na 


Resin (A) 
Example No. 


X-Unker (g) 


Tensile (Pa) 


Tear (N/m) 


G"Pa 


lan(S) 


16 


16 


0.73 


4.24e06 


7.866 


3.2e06 


0.47 


17 


17 


1.24 


5.50e06 


7,516 


5.5e06 


0.28 


18 


18 


1.76 


2.82e06 


6.617 


5.8e06 


0.16 


19 


19 


2.28 


2.64e06 


2,622 


5.1e06 


0.10 


20 


20 


2.71 


2.16e06 


874 


4.1 e06 


0.08 


21 


21 


3.61 


6.89e05 


1.046 


3.1 e06 


0.08 



TABLES 



V-Ruld2 



Alloy Example 
Na 


Resin (A) 
Exanple No. 


X-Linker(9) 


Tensile (Pa) 


Tear(N/hn) 


G''(Pa) 


lan(5} 


22 


16 


0.61 


5.34e06 


7,516 


2.4e06 


0.53 


23 


17 


1.12 


5.41e06 


10.313 


3.9e06 


0.33 


24 


18 


1,64 


8.94eQ6 


12,760 


4.7e06 


0.17 


25 


19 


2.16 


2.65e06 


5,768 


4.2e06 


0.10 


26 


20 


2.59 


3.19e06 


4,195 


4.2e06 


0.08 


27 


21 


3.49 


1.63e06 


3,321 


3.9e06 


0.07 
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TABLE 6 



5 








Alloy Example 
NO. 


Resin fA) 
Example Na 




1 ensile (Pa} 


Tear (N/m) 


G"(Pa) 


Ian (5) 


10 


28 


16 


0.57 


6.26e06 


9.789 


3.0e06 


0.57 


29 


17 


1.08 


5.80e06 


14.334 


5.6e06 


0.3 




30 


18 


1.6 


6.21 e06 


18.354 


5.8e06 


0.18 




31 


19 


2.12 


7.86e06 


9.789 


5.6e06 


0.11 


IS 


32 


20 


2.55 


3.40e06 


6.468 


5.2e06 


0.09 




33 


21 


3.45 


3.36e06 


8.390 


4.2e06 


0.06 


20 


TABLE 7 












V-Ruid4 


25 


Alloy Example 
No. 


Resin (A) 
Example Na 


X-Llnker(g] 


Tensile (Pa) 


Tear(NAn) 


G"(Pa) 


fan($) 




34 


16 


0.53 


5.78e06 


14,334 


1.8e06 


0.56 




35 


17 


1.04 


8.17e06 


16.956 


2.4e06 


0.26 


30 


36 


18 


1-56 


7.89e06 


28,492 


3.6e06 


0.18 




37 


19 


2.08 


7.98e06 


15,557 


2.1e06 


0.13 




38 


20 


2.51 


6.89e06 


13.110 


2.4e06 


0.10 


3S 


39 


21 


3.41 


5.02e06 


9,789 


^2e06 


0.07 



40 



SO 



DISCUSSION OF RESULTS 
MOiSTURE^RE SYSTEM 



Referring now parfiojtarly to Table 2. it be seen that /yioy^ 1 -4 fail to meet the criteria of mom 

tenperatureh,^slreng.handtoughness«orthecl^ 
« *e ni,n.mum r^remente for room ter^perature ultimate tensile strength i i75x1^Pa. ?l 10^ Pa aS^t^m 
0.10 of composrtlonBwilhlnlhe scope ol the invention «|.« ^ lu raanaiante)^ 

Alloy 4 the ratio limitation of the present invention. Le.. 45 parts resin and 55 parts fluid Whie these allovs show 
^eTl^^ST'^''"'^'"^'^^*'^'"^'^^^ 

Referring now to both Tables 1 and 2. it can be seen that Alloy Exanpte Nos. 1 • 4 were aB made with a r««n h»A« 
anrRnof5reactivehydroxylradicafepermolecUe(ResinExa,tilel^T 
J!!^ !f " ^ ^'^^ ^ *»^«* ^ Resm Example No. 5 and Alloy Example No 

55 fSSt!:S?r Na 5 had an rRn of 2.5 hydroxyl radicalspTresin molecule SSy ^ 

"W^of cross-hnker used to cross-link the altoy was substantially less than that used for Altov ExarBteX i 4 
tion ^trZL*' '^f'^J,''' ^ ^« ^*> 5 was iso. well ^.^^ ^^T^. 

fS7 'nr- '"^ NO. 5 ^ each Of theinStions for ulf^tTS 
T^IT^ S^r^r" "^"^ ^^ ■'s<^^ .ough. I.gh s.^ ^J^ 
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15 



20 



25 



30 



35 



40 



46 



SO 



S5 



»nomalo«,arts,aMrt,8^^S,^,S^H^^ 
tteallwl0OE»tansil.andtaarsn™*biBlJSr^^ 

~ . «. ^,1' rs:^::^- ^.Tsr :rr^^ 

ADDITION-CURE ALLOY SYSTEMS 
in their noZ^ fo,rSdintX^e^!;2f^^^^ 

systems, a stoichiomeS^ ^^^-t^^^ m each of the t«o a»oir 

length than V-Fluidl. Afloy Example No^IS^^o ff^ * nonfunctional linear chain 

Wise. ;.loy Example nS. %^7^ ^ S^Sl d^ll'^'^**^ *^ ^ ^l*- 

respecti^ly. Accadingly. in AHoJ^eiZ «"^^'"9 ^lloy Example Nos. 17 - 21, 
reached 3 (in Altoy Example NQ24nhus ISL^o J^, optimum cross-link density was not reached until rRn 
optimum mUaniL P^^'^^^lZZ^ can also be used to cont«- cross-link density to acWe^ 

fbraX'sS^lSX^esTSia!^^ 
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ten., the opf mum aoss-sSK™^ hl^^ "k"?^ ^^^^ dimethylsiiaxy units. In this alloy sys- 

the resin Led 2 aS^T """"^ '"'^ ^'^"^^ ^ ^ ' ^''^ ^ 

VARYING THE PREDETERMINED SERWCE TEMPERATURE RANGE 

rat.^TS^SSSC^:^^^'^^^ 1^(SeeTa«e3)a^ V-nu«3con*ine<iina 

pre^descrlbedincS^Sr^^^^^^ 

at breaking, Q" and Ian (5) were also measur^ T^^T^ Thereafter, ultimate tensile strength^ elongation 



20 



25 





Room Temp. 


125*C. 


Tensile Strength (Pa) 


3.55e06 


4.65e06 


elongation {%) 


27D 


210 


G" (Pa) 


8.6e06 


2.2e06 


tan (5) 


0.15 


0.44 



30 



35 



40 



A oonparieon of the mechanical ixooerties of Aiirw Evam^i.. 
shows that it is well-suited for use ^a»SSrmi„«?L!^ No. 40 at room temperature and 125«C., clearly 
ture and 125-C. IrKteed ftelLSL^^tSTr^^ enconpasses room tem^S- 

tenperature. without ^^^ZS^^^T^^^^^l^ 

appears to be somewhat tZh^^^^^J^l^ ^^ or shear loss modulus. Thus, the alloy 
teria feranalloy Within the scieVtf.rjrSCr^ ""*^'^ 

rconl^reSiJSSX^Z^Si^tJe^^ 19 Conine, predominantly Bnearsa- 
tional linear chain len^ SlSJ^X^S^uni^be'^^^ « 

d-^in^sir™S^ 

andtan(a,^ea^nJ::i«Cr«S^,Se?rS."rr^ 



45 



SO 





Room Temp. 


-45^0. 


Tensile Strength (Pa) 


7.00e06 


9.62e06 


elongation {%) 


1030 


800 


G"(Pa) 


5.de05 


6.2e06 


tan (6) 


0.14 


0.19 
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the formulary arKJ mechanical criteria for Incrusfon within the scope of the present invention. 
CLARITY MEASUREMENTS 

T»» rnechanica. properties of Alloy Exaniple No. 42 andft^ 



30 



3$ 





Alley Example Ma 42 


Silastic® 9280-50 1 


Tensile Strength (Pa) 


6.24e06 


d.00e06 


Tear Strength (N/m) 


1.751 


4,465 


G- (Pa) 


2.36e06 


1.77e05 


tan (5) 


0.17 


0.08 



40 



SO 



«•*!. <IM>M,tM»J^^^^^^^2^^^^ oowesslawnoMed as pra*«l» described. 

"«^..s^««.pa^t^r^.ts;^riT^sr^"^ 
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SiOca-free Silastic® 
UQUid Silicone 
Rul)ber 9280-50. 


Tensile Strength (Pa) 


3.10e04 


Tear Strength (N/m) 


875 


G"{Pa) 


1.65e05 


tan (5) 


0.02 


reflectance 


0.2% 



^r^^^l£1:L^ absolutely dear that the silica. In the SSastic® Uquid Silicone Rubber 9280-50 is respon- 
SS^ TJS r "''nP****'" wHh relatively high uHin»te tensile strength and tear strength. To dTso. 
however, optical clarity must be sacrificed. "wwow, 

irJH^, results Should be compared with the properties of the siOcone resin^f yd alloy compositions of the present 
tangent are attainable, without any attendant loss of optical darftyi ^uuusanaww 
Claims 

method comprising ttie steps of: =• , ««« 

(I) blending, to substantial homogeneity. 

W an organosilicone resin of the empirical ibnnuia 

[RaSIOialJf^aSiOaeURSiOacUSIO^cl, 
wherefti: a, t% c and d are positive numerical values with the provfeos thata + b+c+d»1. 
1/2{b + c + d) i a ^ P> + c + d) and 0 s (b + c)Al s 0.2; 

"^'^ independently selected l^om the group consisting of hydrogen, hydroxyl alkyl 
aB«iyl. altoxy. omno. aryl. epoxide, carboxyl. ether, amide and alky! amino radicals, which R groups mal 
be the same or different, with the proviso that at least sixty mole percent of said R radicals are m^ the 
<^anosibcone resin (A) has a number average molecular weight (Mn) between 2,000 and 7.000- and 
{B) a predomnantiy knear silicone fluid having the enpirical formula 

PaSiOiyaJJR'gSiOadylR'SiOaat 

wjerein: x y and z are positive numerical values with the provisos that x + y + z = 1 and 
y^x + y + 2) i 0.9 : and R* is a monovalent radical independently selected from the group consisting of 
hydrogwi. hj^roxyl. aJkyl. alkenyl. alkoxy. oximo. aryl. epoxide, carboxyl. ether, amide and alkyl amino rad- 
Sl? r'^S^Ss^S^^ be the same or different, with the proviso that at least ninety mole percent of 

said organosiBcon resh (A) being present in an amount of 45 to 80 parts by weight and said pre- 
dominarrtly linear silicone fkjid (B) being present in an amount of 55 to 20 parts Iw weigM. per 100 oarts 
byweightofthecombinedtolalof(A)and(B): t*«Boy wagni. per luo pans. 

(10 cross-linking the substantially homogeneous Wend of (A) and (B) produced in step (I) with a cross-linker 

r«vterS« *^ * ^""^ associated therewith, which functional groups 

render sad cross-knker copolymenzaWe wHh said organoslicone resin (A) and said predominantly linirsi^ 
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cone fluid (B); 

determined semcetenperaturerangeranuttmatetensilestrengthy^^ 

^ f^^'"'''^<^2'^^<=»^'^ 1 a P^edeterriiined number average of said R radicals per molecule 

sarf organos.lKX)ne resin (A) copolymerizable with said cross-linker (C) and said predetermined number ave^e 
of R groups limits the predetermined the cross-Tmk density. eueierminea numoer averaoe 

^ in accoidance with daim 1 wherein a predetermined number average of said R' radicals per molecule 

(rRYi) of sa«^predom»«ntly linear siioone fluid (B) are reactive with s^^ 

S^R^o^r^^jr'liS^ cop^enzat^e With saldooss-inkerCC) and said p^d^l^JS'SvtiS 
Of R groups limits the predelermirwd the cross-link density. 

4. J -^elhod in accordance With daim 1 wherein said cross-BnW^ 

density by Omiting the amount of aoss-linker used. saw preoeierminea cross-link 

5. A^coneresinffluidaltoycompositionthatexhibilshighstren^ 

(A) an organosilKone resin of the empirical tbmxila 

[RaSiOi/aURaSiOacJJRSiOacUSiO^fil, 

wherein: a. b. c and d are positive mjnwrical values with the provisos that a + b + c + d = 1 . 

1/2(b + c + d) i a i (b + c + d) and 0 s (b + c)Al i 0. 2; 
R is a nwnovalent radical independerrtlyselert^ 

sanw or diflerent. with the proviso that at least sixty mole percent of said R radicals are mSaid the ao^ 

ffinir«2^r'"r"'r!:.^«^'^^'"*^9M(Mn)be^ 

(B) a predominantly Onear sifccone fluid having the emprical Ibrmula 

P^aSiOiyjJjR-aSiOfeeyR'SiQact 

wherein: x. y and z are positive numerical values with the provisos that x + y + z = l and y/{x + y + z) s 0"9 • 
fJ!l^^ independently selected from the group cons4ng of hySogS M^JlX' 

IhesaiTO or d.flererrt.w* the proviso that at least ninety mole percert Of said RVadicalsare^ 

said organosilicon resin (A) being present in an amount of 45 to 80 parts by weight and said ^edomi- 

(C) a predetermined quantity of a cross-linker having at least three functk)nal groups per molecUe- 

a predetermined number average of said R radicals per molecule (rRn) of saki organc6ilK»rle resin fA> 

nantly linear silicone fluid (B) copolymerizaWe with the cross-linker (C)- and 

the r^pective predetem^ned number averages rRn and rR'n and the predetermined quantity of the 
cross-nnk^ being selected such that: the silkxjriepdymeraltoy composition. wfL 

Su^r^oe Stf 'han or equal to Z75 X 106 Pa; a shear toss modulus G^ter tte?a 

equalto10«Newtonsperm2;andak)sstangenttan(6)greaterthanorequalto0.10. 
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6. A ooirposition h accordance with daim 5 wherein rRn is between 1 and 6. inclusive, 
r. A composition m accordance with daim 5 wherein rR'n is at least 2. 

STK^'l^fvT^!; ' I'""'" ™"*^ ^^^Se of (R -^SiO^d units between said at least 
wo R that are rea^e with said functional groups of said cross-linker (C) defines a nonfmctional linear chain 
length and sad number average nonfunclior«l linear char ter^jth is belwe^ lOO aTd lSSST 

9. A composition in accoidance with daim 8 wherein rRn is between 1 and 2.5 and said nuirter average nonfunc- 
tonal bnear cha«i length of said predominantly linear silicone fluid (B) is between 100 and^ ^ 

10. A composition in accoidance with daim 8 wherein rRn Is between 2.5 and 4 and said number averaae nonfmc 
bonal hnear chain length of saW predominantly linear siTKX^e fluid (B) is betwe^^SaS!) 

11. A composition in accoidance with daim 5 further conprising a catalyst (D) said catalvst beino t»nM^ in an 

12. AcomposHion in accordance with daimll further comprising: a platinum catalyst (D)- said at lead thre«ft««*««i 

are reaclwo wrth said at least three functional groups of sa^ 
^^dsl«x.efh.id(B,tha,arereac.ivewithsalda.le^ 

13. ^composition in accordance with dalm12furthereoitvrisin9acalalyslinhib^ 

14. A^rnpositon in accordance with daimSf^ 
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